102                                PHYSICS OF THE AIR
Change of Velocity with Change of Latitude.— The velocity of the earth's surface at and near the equator, as a little calculation shows, is about 1675 kilometers (1040 miles) per hour from west to east, while, with reference to this surface, the velocity of the atmosphere from east to west in the same region is only a small fraction of this value. In reality, therefore, the atmosphere of equatorial regions is also moving from west to east with a great velocity, though not so great as that of the surface of the earth itself.
Let, then, n be the distance of the mass mi from the axis of rotation of the earth, and on its angular rotation about this axis; r2 and co2 the corresponding values for m2; and so on for the entire earth, including the atmosphere. Then, in the absence of extraneous forces, the sum total of the angular momenta is constant, or, in symbols
i + W2r22co2 +   • • •  = 2mr2w = constant.
Let, now, the position of mi, a given mass of air, say, be so changed that r\ becomes r/.    Then, either coi must so change as to keep
(law of equal areas),
or else the rest of Smr2co, after deducting rai/W, must be so changed as to retain constant the sum Smr2w.
If miri2a?i gains from or loses to the rest of 2mr2co, it clearly must do so through a mutual push or pull between the masses concerned. Hence, if a given mass of air were forced poleward or equatorward, and there were no interfering constraint, the absolute value of its east-west component would not remain constant, as often is supposed, but actually increase or decrease in proportion with the secant of the latitude. But the winds do not blow according to this simple law. It operates, of course, but so also do the modifying constraints, and both must be considered, for the final result is their joint product.
Law of Conservation of Areas. — The law of the conservation of areas as applied to the atmosphere is of sufficient importance to justify its brief demonstration.
Let 0 (Fig. 30) be the center about which a mass m is moving with the linear velocity vi along the circular arc AB whose radius is ri. Let m be constrained to follow its path by a central force; that is, a force directed towards 0. For instance, let it move over a frictionless horizontal plane, and be kept in its orbit by the tension on a weightless string connecting it with the center 0. At B let the tension on the string be so increased that the mass m will be drawn in the distance Eli in the same time that, undisturbed, it would have reached E. During this time the path will be something like BC. If the tension again becomes constant with the value appropriate to the point C, the new orbital velocity will be v2 along the arc CD of radius r2.

